Sodium deoxyribonucleate has been shown to prevent the coagulation by heat of dialysed albumin solutions at about pH 5-5 (Carter & Greenstein, 1946; Greenstein & Hoyer, 1950) . Evidence of such interactions between nucleic acids and proteins is of considerable interest, since one ofthe main problems of nucleoprotein structure is the way in which the protein and nucleic acid are bound together. In the experiments described here it is shown that polyacids in general are able to interact with albumin so as to prevent heat coagulation. A short account of this work has already been presented (Hamer, 1953a) .
EXPERIMENTAL
Albumin solutioas. Bovine plasma albumin (fraction V, Armour and Co.) was used throughout this work. A solution was made up containing approx. 2 g./100 ml. and the pH was adjusted to 6-7-6-8. The solution was then dialysed using cellulose casings (Visking Corp., Chicago) at 2-4' against distilled water. After 4 or 5 days the pH dropped to about 5 5-5 7 and the final protein concentration was then 1-4 g./100 ml., as estimated from the N content.
Other mateSra8. Deoxyribonucleic acids were prepared from isolated calf-thymus nuclei: specimen 1 by saline extraction followed by treatment of the solution with chloroform:butanol mixtures and specimen 2 by saline extractions followed by deproteinization with sodium dodecyl sulphate (Hamer, 1953 b) . A commercial sample of yeast ribonucleic acid was used (British Drug Houses Ltd.). Heparin and alginic acid were a]so obtained from commercial sources. The heparin had an activity of 90 i.u./mg. (Evans, Lescher and Webb Ltd., batch N 10090) and a molecular weight of probably 17000 (Jensen, Snellman & Sylven, 1948) . The alginic acid had a molecular-weight range of 10000-20000 (specimen HS/LD and details, including the mol.wt. which is based on viscosity determinations, supplied by Alginate Industries Ltd.). Dextran sulphate and dextran were supplied by Dr K. Walton. Both had molecular weights about 8000, as determined by measurements of osmotic pressure and intrinsic viscosity (see Walton, 1952; Ricketts, 1952) . Polyglutamic acid was prepared from the capsular substance of BaciUus 8ubtilis by the method of Hanby & Rydon (1946) , the final product being dialysed and freeze-dried (supplied by F. W. Moore, Bacteriology Department, Birmingham University). The molecular weight of material obtained by this method was reported to be at least 15000.
Aqueous solutions (0-1 %) of these compounds were prepared; where necessary to neutralize alginic and nucleic acids a trace of alkali was added, and the solutions were dialysed in the cold to remove salts. It may be noted here that the amounts of these solutions used in the tests described below were so small as to have no effect on the pH of the albumin solutions.
Heat coagulation. 2 ml. of albumin solution with 2 ml. of water (or 2 ml. of the solution under investigation) were heated in a boiling-water bath for 10 min. and chilled in cold water. Under these conditions the albumin coagulates to give a milky-white, colloidal solution which is quite stable and does not flocculate on standing. Turbidities of the solutions were measured on the Hilger Spekker Absorptiometer using neutral glass filters (H508) and 2-5 mm. cells. The turbidities of protected solutions were expressed as percentages of the value obtained for an unprotected (0.70%) solution.
Optical rotation. Measurements were made with a Hilger Standard Polarimeter using sodium light and a 1 dm. tube.
Tests were carried out on 0-7 and 1-28 % (w/v) albumin solutions protected with sufficient dextran sulphate or polyglutamate to prevent any opalescence developing on heating. The rotation of these solutions was determined before and after heating and also after the addition of guanidine hydrochloride to final concentration 3-55m.
Metachromatic te8t8. Mixtures of the same composition as those used in the coagulation experiments were tested with a 1% solution of toluidine blue.
RESULTS
The results obtained for two different specimens of deoxyribonucleate confirm the findings of Greenstein and co-workers (Fig. 1) . Percentage turbidity of the protected solution is plotted against the final concentration of nucleic acid phosphorus and it will be seen that 3-4 ,ug. are sufficient almost completely to prevent the heat coagulation of the albumin. The weight ratio of albumin to nucleate would be about 200:1 at this point. However, contrary to the results of Carter & Greenstein (1946) , it was found that yeast ribonucleate had a comparable effect, inhibiting coagulation to about the same extent as specimen 2 (Fig. 1) . This difference may be due to the fact that the experiments of Carter & Greenstein were carried out with liver-tissue extracts and not albumin solutions.
To examine whether the protective effect was only characteristic of polyphosphoric acid groupings, heparin and dextran sulphate were tested with albumin in the same way. These compounds, which may be considered as polysulphates, behaved in the same way as did the nucleates (Fig. 2) . Also, though the molecular weight of heparin is about 17000 and that of dextran sulphate about 8000, weight for weight both compounds had the same effect on the albumin coagulation. Complete protection was given by about 1 part of the polysulphate to 300 parts of albumin. A dextran of corresponding molecular weight had no effect, showing that the presence of the acidic groups was essential for the protection of the albumin.
Finally, several polycarboxylic acids were tested. Fig. 3 shows the results obtained with alginate and polyglutamate. Once more a protective effect was observed. Thin was not quite so strong as with the 
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VoI. 56 D. HAMER poly-sulphates and -phosphates, coagulation being prevented by 1 part ofpolycarboxylate per 100 parts of albumin. Hyaluronate was also effective. It may be added that in all cases plots of percentage turbidity against the logarithm of the polyacid concentration were linear, except at very high and very low turbidities.
Prevention of the heat coagulation of albumin was only obtained in the absence of salts. As the concentration of salt in the solution was increased, the protective effect was lowered and the turbidity of the solution increased. Fig. 4 illustrates a case where sodium chloride was added in increasing amounts to albumin solutions protected with dextran sulphate. When a point was reached at which the salt concentration (by weight) was about 10 times that of the dextran sulphate, a solid mass of coagulum was formed. Addition of salt to a heated protected solution of albumin does not, however, bring about precipitation or flocculation of the protein.
The following compounds of low molecular weight, used as sodium salts, had no effect at a similar concentration (by weight) and pH: glycerophosphate, guanylate, 2-naphthol-3:6-disulphonate, glucuronate and glutamate. Considerable evidence was put forward by Greenstein & Hoyer (1950) Sodium chloride (mg./ml.) Fig. 4 . Effect of increasing concentration of NaCl on the heat coagulation of albumin solutions protected with dextran sulphate. 0, albumin (7-0 mg./ml.) and dextran sulphate (0-05 mg./ml.); *, albumin (7-0 mg./ml.) and dextran sulphate (0-10 mg./ml. This is comparable with the rotation of an unprotected albumin solution similarly denatured with guanidine hydrochloride, which was found to be -102°. The polysulphates and polycarboxylates studied gave the characteristic red-purple metachromatic reaction with toluidine blue. In the presence of albumin, both before and after heating, no such colour change was observed, indicating that an interaction exists between the protein and the
polyacid. DISCUSSION
In summarizing the experimental observations given above, it may be said that polyacids of molecular weight from about 8000 upwards are able to interact with serum albumin at pH about 5-5 in salt-free solution so as to prevent the coagulation of the albumin when heated. One part by weight of the polyacid is sufficient to prevent the heat coagulation of 100-300 parts of albumin. If one considers a mechanism of denaturation of the type proposed by Haurowitz (1950) , then one could picture that, although intramolecular salt bridges in the albumin molecules are broken down by heating, the interaction already existing between the protein and the acid prevents reorientation ofthe albumin molecules. By such action, formation of intermolecular salt bridges, and hence coagulation, would be prevented. Recently Cheesman (1953) may well be some additional steric and ionization effects to be considered which would account for these differences in equivalence of acid groups and albumin molecules. SUMMARY 1. Polyacids interact with albumin in salt-free solutions to prevent coagulation of the protein by heat. Polyphosphates (nucleic acids), polysulphates (heparin and dextran sulphate) and polyearboxylates (alginic acid and bacterial polyglutamic acid) were all effective. Effects on optical rotation of the albumin were also demonstrated.
2. The protecting agent acts by preventing the coagulation of the albumin, although denaturation occurs to some extent. The molecular size of the protecting agent seems of less importance than the number of acid groups in determining the degree of protection.
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